In this study, two of the most common drugs (Cialis ® and Viagra ® ) that are subjected to adulteration were investigated. The investigation involved examining the above drugs using both portable NIR and UV-Visible spectroscopy. The obtained spectral data were analyzed using 
Introduction
Counterfeit drugs are considered one of the most dangerous problems in the pharmaceutical field. The World Health Organization (WHO) has identified the counterfeit medicine as the medicine which is deliberately fraudulently mislabeled with respect to its identity and/or source. This includes products with correct or wrong ingredients, without active ingredients or with insufficient active ingredients. [1] WHO says that up to thirty percent of the medicine sold in many developing countries is not real. [2] It also estimates that up to fifty percent of the medicine sold on the internet is counterfeit. That can put people at risk even in wealthy countries. [3] The problem of counterfeit medicines has recently increased because of many reasons (i.e. financial gain, minimal penalties, demand, cheap access to digital technology, etc…). The counterfeiting drugs can cause serious health problems such as diseases, dissatisfaction and in some cases they might cause death. [2] [3] [4] [5] The Jordanian market as any drug market around the world is subjected to drug adulteration problems.
According to the Jordanian Food and Drug Administration (JFDA), several drugs are being adulterated. Some of these drugs have direct and serious effects on patients.
Drug adulteration might take place through producing the same physical appearance of a drug but with little amount of the active material and in most cases no [6] [7] [8] [9] However, these methods suffer from several drawbacks such as long time of analysis, the high cost associated with running such instruments, the tedious sample treatment procedure and the amount of hazardous waste resulted after the analysis.
Most uncovering studies of the adulteration focused on both drugs Viagra and Cialis. Viagra (Sildenafil citrate) is used to treat erectile dysfunction and pulmonary arterial hypertension (PAH).
[10] Cialis (tadalafil-base form) relaxes muscles and increases blood flow to particular areas of the body. It is used to treat erectile dysfunction (impotence) in men. [11] XRD, Raman spectroscopy, NIR, FT-IR, DOSY 1 HNMR and other analytical methods were reported in literature for detecting the adulteration of Viagra and Cialis. [12] [13] [14] [15] [16] [17] The objective of the current work is to develop fast and reliable methods for detecting counterfeit drugs using spectroscopic techniques (portable NIR, UV-Visible)
with little or no sample preparation. Since the portable NIR Spectrometer is quite expensive compared to the bench top UV-Visible spectrophotometer, this study may compromise the performance of the two techniques. The goal behind choosing these two types of spectral techniques is that NIR is well known for its power in providing too many details in the spectra. However, the new portable NIR instrument is less sensitive compared to the bench top NIR instrument. The regular NIR spectroscopy was reported in many literature references to be used to investigate the adulteration in both Viagra and Cialis. On the other side, the portable NIR is an expensive instrument.
The use of the UV-Visible technique was a complementary method for studying the adulteration in drugs. Nevertheless, this technique needs chemical sample treatment, but it is a very popular technique. Identifying the source of adulteration was also another target for this study. Moreover, this study is believed to be the first of its type dealing with counterfeit Viagra and Cialis in the entire region.
Materials and methods

Collection of samples
In this study, counterfeit samples of both Viagra (25 mg) and Cialis (20 mg) in tablet forms were studied. Ten counterfeit tablets from each drug above were donated by the Jordanian Food and Drug Administration (JFDA). A similar number of the original samples were donated or purchased from the exclusive importers in Jordan.
According to the JFDA all counterfeit drugs that were captured in Jordan, including the two drugs in the current study, contain no active ingredients at all. For the purpose of indenting the counterfeiters, placebo samples were used to simulate (in composition)
another source of adulteration. Placebo tablets were donated by Jordanian Pharmaceutical Manufacturing (JPM) Company. Ten tablets of placebo were also used for each drug.
Chemicals and Instruments
All samples were only ground before measuring the NIR spectra. However, when measuring the UV-Visible spectra, several chemicals were used. Hence, potassium dihydrogen orthophosphate (KH 2 PO 4 ) purchased from (Fluka), Acetonitrile obtained from (Aldrich) and distilled water were obtained to prepare a suitable solvent in case of measuring the cialis. Only distilled water was used as a solvent for Viagra.
All reagents employed were analytical grade purity.
Ultraviolet-Visible (UV-VIS) Spectrophotometry
A double beam UV-Visible Spectrophotometer (UV-2450) from Shimadzu (Japan) was used in this study. The UV-2450 is equipped with a deuterium lamp source and a single monochromator with a high-performance blazed holographic grating in the aberration corrected Czerny-Turner mounting. The resolution of the current system is 0.1 nm.
Portable Near-infrared (NIR) Spectroscopy
PHAZIR is a handheld NIR material analyzer (Polychromix, USA). The light source is a tungsten lamp and the detector is a PbS solid-state detector. This instrument has a spectral range between 900-1690 nm and an optical resolution of 11 nm.
Measurements and software
All samples (counterfeit, original and placebo) for each drug were first measured by the portable NIR directly without any pretreatment. The NIR scan covered the range (1000 to 2500) nm (about 8 nm increments) and represented in a 100 point data file. the next greatest eigenvalue and so on. PCA is a pattern recognition method that is used for finding similarities and differences among the samples in a given data set.
Usually, PC1 accounts for the maximum variation in the data as possible, while the rest of succeeding components account for as much of the remaining variability.
Therefore, only the first few PCs are used in data analysis. [19, 20] Cluster Analyses (CA)
To understand the patterns existing in a given data set and to identify similar samples, the CA is used. This Algorithm is based on computing the distances (e.g.
Mahalanobis distance) among all objects. Objects which are close together in the measurement space (e.g. Principal Component Analysis model) are likely to belong to the same group. Similar objects (minimum distance) are merged together to form an independent cluster. The distances among all clusters are recalculated, and the pair of closest distance is merged into a separate cluster. Then, a connection dendrogram displays the results of CA graphically. The dendrogram sorts the tested data set into groups of objects or samples called clusters. All objects of a given cluster are similar and at the same time are different from the objects in the rest of groups. [20, 21] 
Results and Discussion
Every drug formulation has a unique spectral fingerprint that identifies the brand of the drug. Incorrect formulations containing foreign or substitute ingredients can put the patient's life under risk. On the other side, the reputation and the profits of the manufacturer are badly affected by adulterating a particular brand name. Usually, drug manufacturers have documented fingerprint records for their drugs and formulation steps to ensure that their branding isn't compromised by counterfeiters. The key point of this project is to differentiate the original and counterfeit drugs through comparing their spectral fingerprints. For this purpose both portable NIR and UV-Visible combined with chemometric tools were used. Figures 1 and 2 show the NIR spectra for Cialis and Viagra, respectively, including the original, counterfeit and placebo forms. The visual inspection for these spectra is very difficult and is subjective especially when multiple samples are employed for comparison. This might be due to the poor sensitivity of the portable NIR spectrometer (only 100 wavelengths). Hence, multivariate chemometrical techniques (PCA, CA) were employed to compare the entire spectra efficiently and detect fine differences in the spectra. For PCA application, only the first few PCs were calculated because they express the maximum variation in all data sets. Therefore, a PCA model was created for each drug (Viagra and Cialis). Figure 3 , represents the PCA score model for the Viagra samples. The model was best presented using the first two PCs which are responsible for more than 98% of the total variation in the NIR data set. In this figure three resolved clusters can be clearly recognized. Each cluster represents a separate form of the drug (counterfeit, original and placebo). Samples that form clusters (minimum distances in the model) are believed to belong to the same origin.
Portable NIR spectroscopy
Generally, the greater the distance between the clusters the more different they are. It is also obvious in the PCA model (Figure 3 ) that the object variance observed in the counterfeit samples is greater than that in the original and placebo clusters. This may be explained by the poor mixing process used by the counterfeiters that leads to inhomogeneous drug formulation, while efficient mixing is used in both the original and placebo samples producing hence homogenous formulations. On the other hand, a visual discrimination among the Cialis NIR spectra including the counterfeit, the original and the placebo was also difficult despite that some differences in the spectra can be visually detected. 
The UV-Visible spectrophotometry
All tablets of both Viagra and Cialis were examined by UV-Visible spectrophotometry. The UV-Visible spectra obtained for both Cialis and Viagra (counterfeit, original and placebo) are displayed in Figures 5 and 6 , respectively. Again distinguishing between the original and counterfeit drugs based on the visual inspection of the spectra is quite difficult. Therefore, PCA was applied to the obtained datasets. The PCA score plots for the Viagra and Cialis samples were created. In both plots three independent clusters were recognized. These clusters represent the original, counterfeit and placebo. The distances among these clusters in both PCA score modes (figures not shown) are good enough to identify the drug with minimum interferences. For further investigation, the KNN test was applied to the UV-Visible datasets for both the Viagra and the Cialis samples. Figure 7 is the dendrogram for Viagra and it is apparent that three resolved groups are identified. These groups as indicated in Figure 7 are the original, the counterfeit Viagra and the placebo. These results are very consistent with the previous results obtained from the PCA score plots.
The same case is also found when the KNN was applied to the UV-Visible data obtained for the Cialis tablets ( Figure 8 ). Once more the three groups of the drug were identified. 
Conclusions
In the current work, uncovering counterfeit Viagra and Cialis using portable NIR or UV-Visible spectroscopy techniques coupled with chemometrical algorithms was achieved successfully. Identifying the counterfeit drugs from different counterfeiters was also possible. The placebo samples were used in this study to simulate another adulteration source. The resulted PCA models can be used later as calibration models. This is quite informative to future tracking of drugs counterfeiter's networks. Comparing the two methods, both of the portable NIR and the UV-Visible techniques coupled with chemometrics gave good and consistent results in discriminating among the original and the counterfeit drugs. Portable NIR is a nondestructive technique that needs no sample pretreatment but is a quite new technology and hence it is expensive. On the other hand the UV-Visible technique is less expensive but needs sample pretreatment which is not always easy.
